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THE SWELL CLIMATE OF THE SOUTH AUSTRALIAN SEA

hy M. A. HIMER™ & 1. A. T. Byp*

Summary

Flesae, MoAL & Tiviee AL L C1999) The Swell Clmme of the South Avsteadisn Sew Tioms. K S N At
1280310701330 Navenber, 19949,

The Sonthern Ocean swell contimually impinges on South Austrbion cousal walers, In this sty we present
simple formdae whicn predier the swell heizh aseveral Tocatons in he Sonth Avstralian Sea (i swell height
e i the apen sea south ol Eyre Penmmsubie which aee availiahle ynoreal tme front the Buread of Meteorology.
The predictions are Based on the swie of the wre wave madel SWAN. and indicote it (he regor luetor which
determines the cowstnl swell clivnate wothe dicection of appasach ol the open ocenn swell Brom these prediclions,
hottonn arbitad o can be compuited, which are o fundammental Tactor e the marine ceology ol the South
At S The Formulie com alser be psed Gir ow i risky on i routine bases 1y mvaeioees and surlers:

Kb v Wonisss Swello mardne ceology. South Ausrilin.

lulroduction

The swell generated in the Southern Ocean south
west ol Anstralia has been recorded wbe the Targest
b any o the world's oeeans (Chelton ¢f af. 1981).
However, the swell in the semi-enclosed waters of
South Avstralia i penerally considered insignilicint.
This transition between the open oceun and coustidl
waters controls rany aspects of the South Australan
e eoviponment, The seasonal rhythni for [he
swells s a reliahle signal an which the marine
ceology uf the surl zone depends. Southern Ocean
starms wlso from time 1o ime produce exceptional
swoll events which ventilae the antenor o 1he
coustal seis by the intensity of the bottom orhital  Fig. ), Txample of apen ocean swell observed in e

currents that they senerate, This stady shows that the Southern Ouean,  from RV Southerh Surveyor
elfeces ol swell can be reliably estimuted, iand photograph: CSIRO Marine Liboraonies, Hobart)

pravides o simple predictive formudly which can be
used Dy ceologists o classtly mirine environmenis
amd also by mariners and sorfers womake ceal ime
[orecists b o speeilied  coastal location,
Spedilically. we nvestigate the swell energy band s
it propagates om the vpen ocean south ol South
Austradios (Fige Taor o the Sauth Australian Seo
CRid Heb which comprises (Bye 19765 (the seing-
crclosed walers ol Spepcer Gulfl, Gull St Vineent,
Tpvestigator — Strail,  Backslairs  Passage  and
Encounter Buy, extending out over the continental

. Y
shell 1o the 2000 o cantone. howded o the west by i
Cupe Carnot and an the wast by Cape TafTa (Fig, 2. - o ,’ B
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Sehool ol Fenh Sewmees, Elinders Universiry GERO oy 2100 P Kb Baxample of swell wpproachiong the beach Wes
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Fig. 2. The South Australinn Seu with points of iplerest is mentioned in the text , - indicate the positions of [precas

tmulkae Jisted in Table 1, Ry show wave observition sites.

Wave Data

The only extended series ol measurements of the
Southern Ocean swell along the South Avstralian
coastline was conducted hy Steedman Science and
Engmeenng of Perth, Western Australia. between
Muay und October 1984 at seven measurement sites in
the Great Ausiralion Bight. These data have been
analysed by Provis & Steedmun (1985)1, who noted

a reduction in significant wave height by a Tactor of

about two as the waves moved from the deepwaler
wave

POV, DL Gl R STErDMaN, Ro KL (TY8S) Wiive mieastiemaents i
the Geeat Auslralinn Brght, Paper presented at Austalasion
Conlerence on Coaslil amd Ovean Engimneening, (TAnst,
Christchurch, NZ 1985 (unpub.).

recorder in 1150 m of water, across the shell

towards the coust to the shatlowest wave recorder i
26 m of waler. Signilicunt wuve heighls in excess of
5 were recorded on several oceasions, and wauves
of over 10 m were recorded during o July storm us
far inshore as 1the 75 i depth contour. The significan
wave period remained almost constant at about 15 s
at all seven measurement sites, This period is very
similar o the dominant swell period (16 5) in the
classical experiment of Munk et al. (1963 in which
swell was observed to travel across the Pacific Ocean
to Alaska from Southern Ocean winter storms,
almost without loss o energy.

An interesting leature ol the measured open oceun
wave spectra is thit they are vnimadal, i.e. there ure
no distinet wind sea and swell peaks. Only al times
of very tow incident swell were separate peaks
observed. Young & Gorman (1995) suggest that the
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proximity of the site to the Southern Ocean storm
belt does not provide sufficient time for the
wavelicld to disperse and a bimodal (wind wave and
swell) wave spectrum to develop.

No open sea wave measurements appear o be
availuble Tor the summer season, but in April 1998, a
new series ol wind wave and swell measurements
was nitiated in the South Australian Seu and the
adjacent  Southern Ocean using  electric  field
measurements (Heinson ¢f al. 1998; Hemer 19984
Hemer et al. 1999), The details of this program are
reported elsewhere, bul for our purposes an important
leature wus the near simullaneous observation ol
wave spectra on the Southern Shell and in Spencer
Gull" with which the predictions of the wave model
can be compared. Apart from these measurements,
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Fig. 3. Comparison of SWAN wave heights with the
analytic selution ol Niclsen (1983) Tor an incoming swell
of period (T = 12 s) and height (H, = .4 m) running up
a plane of slope 1125 x 10-* with a quadratic hotlom
Iviction coefficient, C; = (1,115, The abscissa is the ratio
of the water depth (/i1 to incoming wavelength
(g7°72m) where g 18 e aceeleration of gravity und the
ordinate 18 the wave height (H). The SWAN resuliy (x)
are computed on a4 km gnd.

CHiemer, Mo(1998) A Wave Suidy of the South Austratian Sea:
Prediction. Observation using Blectric Field Meuasurenents, and
Applicahon 1o Sediment Resuspension Processes. BSc (Hons)
Thesis, The Flinders University ol South Australia {(unpub.).
By, 1AL T Guswg B W & NikpaLs, C, VL (1975) The Wave
Climate olf Cape dervis, South Anstralia between June and
November, 1974, Vlinders Institute for Almospheric and Marine
Seience Research Report, No, 17, (unpub,),

Crver, R & WALKER, D, (1981) Redeliff Wave Atlas, The
Iniversity ol Adelaide Depurtiment ol Civil Engineering report,
(unpub. ).

WALKIR, D, (1989) An Efficioit Wave Hindeasting Model, 9%
Aust, Conl. Coust. & Oc. Engng. Adel.. 4-8 Dec. 1989, 117121,
(unpuh.).

SWAN (1998) SWAN web page htype//swanct tudettnl

.

wave studies in the South Australian Sca (Bye er al.
1975% Culver & Walker 19814 Walker 1989%) have
usually neglected the swell signal.

The SWAN Wave Model

The SWAN wave model (Simulating WAves
Nearshore) 18 a directional spectral wave model
written by the Coastal Engineering group of the Delft
University ol Technology, Netherlands (Ris ef al.
1997) especially for coastal seas, In the formulation
of the model, many wave propagation processes are
implemented. These include wave propagation, wave
refraction due to bottom shoaling and refraction and
reflection by currents. Along with these ¢ffcets. the
model also includes generation of wave energy by
wind, dissipation of wave energy by whitecapping
and depth induced wave breaking, frictonal
dissipation due to bottom drag and redistribution of
energy over the wave spectrum by non-linear wave-
wave interactions (SWAN 1998°). Limitations ol
SWAN uare that it does not account for diffraction or
reflections, and hence it iy unsuitable for regions
where wave height variations are large within a
horizontal seale of a lew wavelengths (Ris et al.
1997) and regions of ‘“steep beuches™ (ie. chilTs,
harbours etc.) SWAN 1s thercfore a “state of the art”
model for the present study ol the propagation of
swell into the South Austrahian Sea. It is important
however o carry out two basic checks on the model,

Firstly, the analytic model of Nielsen (1983) wus
compared with the results of the SWAN model over
a plane sloping bed under variable conditions in
which a planc wave was propagated into the domain
at the deepest end (Hemer 1998?). Figure 3 shows
that, for a typical swell period of 12 s, and a
quadratic bottom friction coelTicient (C) of 0.015,
32°s !
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Fig. 4. The swell wavefield in the South Austrulian Sea
predicted by the SWAN model tor C; = 0.015 and D, =
230° The contours show normalised wave height
(NWH): contour interval 0,1, and the arrows indicate the
direction ol swell propagation.
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such as would oceur aver sandy beaches (Jonsson
1966), the analytical solution and the numerical
solution are in very good agreement for the prid
interval 4 Kin. The SWAN model sinwlalions
presented below are run o a wniform (00 5 100
rectangular grid ol gridkinterval, 4.5 km on which the
hathymetry  wus  taken  from  the  Austealian
Geologieal Surveying Organisition (AGSO) 30 ure
second digital file. Secondly. we eompare the
predicions o SWAN Tor swell propagation into
Spencer Gull, with the April 1998 wiive ohservitions
amd the predictions of the Burcau ot Meteorology
Southern Ovean wave model (WAM) which is run in
uperational mode with wave fields issued ar 0000
0600, 1200 mmd 1800 UTC, and is avalahle from the
Bueiu ol Meteorology (Burcau of Meteoralogy,
19997y 1L s convenient 1o presenl the resulls of the
comparison at the end of the next section alter the
SWAN muidel outputs have been described,

Results

Fignre 4 shows the normalised wirve height®

nwi=Hzy, U

where Hoas the swell wave heighl, and Ho is the apen
veeun inpul swell height. and also the wave divectinn
(1 far swell of period 15 5 and Hy = 335 m
propagaring fom the diveetion, D, = 2305 e s
obhserved Thul the swell beging o lose by energy as
so0n s i enters the region. More energy is lost when
the wave frone resches Kangaeoo Ishand G with the
coast ahsorbing the energy of some directionl
components of the wave, Lirge wave hewghls ocenr
At the coast ol KL INWEH - 0.9) elose 1o (he coust.
These tesths agree with ancedowl abservations of
lurge wave herghts on the southern amd  western
sty ol K1

Kanearoo Islund proyvides a sienilicant blockage [o
waye enerey influs into Gull SEYipeent (CGSIV ), amd
the wave encrgy that enters GSLY s due to relraction
as the waler depth decreases and the waves “wrap”
iy Investigator  Suan. beconnng  maite
perpendiculir w the depth contours, Sigrbieant foss
ol wive engrgy is ohserved with waves propagating
castwld theough Backstadrs Passage, so thal alimst
all thesyave cneray due o swell in GSTY vieimales
from wayes propagating through Investiailor St

s oo v Morogorena (1999 Boreaw of Mool

bk M bonn e i

Watsns Hhath s b syt see - begehededimad beorhie pelarion
Ll e hih b ogthe saye pggey o8l T,

Fpgevns, 100 G & Sonnomta s, Rl PUBS W Mossorenwene
e Clsr Aaarliog Bigh Paper Presemiad o Aousiealisin
LU et in Rl gia e ndinstecne A
e e ek et A dinl, T98S Finpiit |

Wiaves at the head ol GSLV, the western end of
Backatairs Passige and the mefropolitan coast of
Adelaide ull show wiye heights less than 10% of the
input height (NWIH < O0.1) Tn Tavestigator Strair
refraction is seen 1o live an elleer with the waves
hecoming more and more pérpendicular 10 the Coust
and the northern coust of K1 shows tegions where
waves have relracted more than 180" fram the inpul
witve  ditectiom,  Within the  gull, a northward
dominance of wive propagation sill esists, but
significant spreadipg wowards the coust at all
locations is observed, Wave heighl s observed o
inerease markedly along the southern side ol
Flearten Pentnsala, with ulinost no waves al ihe
western end (NWH < 0.1 o sighifieant wive ehensy
il the Murry Mouth (NWEE = 00600 Propigalion tito
Encounter Bay shows very little relfraction, due o
the waves imuially travelling almost normal 1o the
depth contours,

The propagation of swell info Spencer Gull (86
shows a contpual Toss of wave cpergy lor waye
heighit) with decreasing water depth towards Lhe heid
nt the enlt. Large loss of wave energy is ohserved i
the vanous “shadow zones™ all SGosueh s
Hardwicke Bay. Again clear evidenoe of ol fon s
observed with wave direction becoming nearly
perpendicular 1o the coast in all regions. Within
Fardwicke  Bay. waves are  observed 1 be
propagating in directions rotited morethan 207 from
the nput swell dipeetion, e the viciity ol Port
Lineoln, wives are observed o taye refracled hy
807 with wuves tavelling in the opposite direction
o the anput swell The general puttern of wine
enctey i SG shows a spreadimg and Joss of wive
energy fowards the sides of the gulll The sonth
western const of Eyre Peninsuliy shows very liule
losw o energy before reaching the coust. On the west
coust ol byre Peninsith, however, the observanons
ol Provis & Stecdman (1985 show o halvipg ol
wave height from deep waler o the const. Boundiry
ellects prechade o comparison belween siraulition
and observations in this region bul o simifar
reduction factor vcenrs in the model o Eneonier
Bay. Islands v the opening 10 8Gosuch us the
Neptune Islands are-seen o hlock same wave enenwy
Frony propagating it the dulf,

Fhe wave period of the swellremains st constant
15 s throughout the model domon, This mesull s
expogted given thik no further wind forcimge within
the region s present: A reduction ol wavelengih of
A0 neenrs sithin the gl doe o ihe decrease i
wilve specd wih decreasing water deptly (see en
(501 Feam the model results, the maximum oo
arbitad veloeny, O con also be derved (Hemier
TOOR-), (see egn ) s fonmd that i halange exisiy
botween  the  decveasing  wave  heaphs gl
watvelengthe wnd the decreasing water doptle The
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FiaoSoAS or Frgs o (s A westerly swell D= 2607 (b,

A south-casteny awell. D= 160

fareest (7 vadues (for Ho = 3.5 m) of ~0.5 ms' (]
knot) were ohserved o the shallow water ol the
south coast of Kangaron Isknd. Within the gulis,
waier depths were mueh less, but wave ¢nergy had
dissipated such that 07 values, 015 ms' (0.3 knat),
were less thint hadl” ol the magnitude on the south
coust of Kangatoo Iskind,

A nnber of sensativity studies (Hemer 19947
Bave Deen carvicd out by varying input model wuve
hetghts, directions. periods. bottom  fnction wnd
watve breaking parimeters. and model runs were also
chrried out with 4 uniform depth South: Austialian
S Vaation of input swell wave heights (1) was
Found 1o cause minunasl changes in the NWH
throughout the South Australiun Sea with shightly
lower NWH (greater dissipation) For a larger input
wave height. Changing the input wave period also
only had small eflects on the wave heights and
directions within the South Australian Sea Yor typical
swell periods.

The swell propagation s also insensitive tathe
yartaton oF hottom fricton, suel us mght be ciused

over seagrasy beds. [nothe coastal #one however,
hottom  Iriction 15 found 0 cause  signilicant
decreases in predicted  wave heights, e.g. wave
heights i the sarf zone wre approximately 25%
wreater i frctioniless conditions are assuined  for
causlal zone depths less thun 10O m, Fioally,
specilying the Sooth Australion Scea o have
umitorm depth o SO m gave almoest the same
reduction in wave height with progression into
Spencer Gulf and Gult St Vineent. as fon the depth
varying lopogruphy, These resully suggest thal the
dominant source of energy  loss in the South
Auvstradian Sea iy absorption of woyve enerey al the
cogst by frictiondl loss in the shallows and wive
breaking on coustisl beaches i depths less than 10 m,
rather than any (orm of Jepth induced elfect n the
inenor ol the sea,

We conclude from these sensitivaty studies thae the
mujor sobtee of swell herght varabitity in the South
Australin Sex s the direction ol upprouch of the
deep sea swell. Figure 5 illustrates the effect of a
rotaton of the direction ol approuch ol the deep set
swell, either towards a westerly or i south-casterly
dircetion. A westerly  swell penctiates  Tnto
Inyestigator Stpl, and = relracted mg Spenver
Gull” along the western coast ol Yorke Peninsuly
(Fig. Sta)). On the other hand, Invesugator Steail 1§
well protected from the south casterly swells, more
typical of Summer wealher conditions, which gre
relructed it Spencer Gull™on fhe ¢astern coast of
Lyre Peninsulia (Fig S(h)). This pattern ocetmred on
April 200 1998 when wave observations were made
m ol Spencer Gull (1R i Fie. 21 The ohseryed
swell height and direction were respeciively, [T =
(L13 o and D o= 2307 whereas south ol Byre
Peninsula the WAN model predicied the swell
height and direction, Ho= |8 mad Dy = 1607 1o
which NWI = 0008, The SWAN model prediction
shown in Fig  5(b) yields NWIT = 008, and
divection 1 = 223" in cowd agreement with the
ohserviations, The accuracy of the WAM model was
sy assesded by comparison with observed wave
data obtained soulh of Eyre Pemmsula on April 16
1998 (R~ n Fig. 2} The predicted swell parpmeters,
Ho= 1.5 mand [, = 220" were o good agreement
with the observations ol = 1.3 nrand 1, = 225°
(Hemer 199%87).

We conclude thae the predictions of the WAM and
SWAN madels can be soccesstully Tinked (o provide
relinble swell prediction formulae tor the South
Australion Sei, which e presented i the neal
section,

Swell Prediction Formulae

The isolaion of wave directnon as the dominant
influence on normilised wave heights (NWH) within
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TARLE [ The cocfficients of the swell forecasting formala (cqn (2)) and swell heighes (H) avd maxionum bottom orbital
veloelties (1) for swell propagating frous the divections 2307, 2007 and 160° for vavieus focations in the South Anstealion

Sew,
Position h(n1) aytx109) ay (2107 ay (x109) ay {x101) i

I. Cape du Couedic A7 -0, 8842 0.38504 -2.2079 3.3802 -18.512
2. Cape Cawstrophe 50 -68.622 38499 -18.517 25,781 -132.24
2. Flewricu Peninsula 27 34150 -27.419 8.0454 -10.190 47.388
. Frunklin Harbour 11 12.867 -10.714 32704 -4.3259 20,958
S.Mid Gulf'St Vineent 33 -2.2965 1.8031 -0.51453 0.63910 -2.9210
0. Hardwicke Bay 10 20027 -1.7867 0.58004 -0.80486 4.0397
7. Adchiide 10 S.8435 -4.8575 L4a1s -1.9994 09339
8. Lower Speneer Gull 46 32394 -26.892 H.1539 LG4 50,701
U Investigalor Stiail 36 -7.7955 5.9928 -1.6607 1.9985 -N.8503
100, Mid Spencer Gult 23 28,743 -23.973 7.3154 9.6709 40.871
11, Upper Spencer Guiff 19 4.2501 -3.5376 1.U781 14241 6.9002
12, Lacapede Bay 39 8.2295 -0.6782 1901 21954 49,0540

H 23 T2 Héwa USsm U o U

Puositing (m) {ms')

t. Cape du Conedic 472 4.84 385 0.77 0.78 0.62
2. Cape Catastrophe 447 4.52 4.24 0.65 0.60 0.03
2. Fleuricu Peninsula 2.91 231 L 1.10 0.87 0.7%
4, Franklin Hurbour 0.73 0,42 () 0.9% 0.56 0,29
S.Mid Gull' St Vincen 0.36 (155 0.7 0.10 016 0.2
4. Hardwiche Bay 0.50 (144 0,134 0.77 0,74 0.20
7. Adelaide 0.5% (O3 0.34 0.91 0.97 ().52
Y. Lower Spencer Gulf 344 REGE () (.58 045 0.4
9. Investigator Siruit 1.¥1 276 0.2:4 045 .68 0.4}
10, Mid Spencer Gulf 1.03 (hOR .45 (1.5% 0.33 0.16
1. Upper Speacer Gill 0.24 0.14 h.07 0.2% .17 0.9
12, Lacapede Bay 446 3.51 315 (.56 0.a7 0.61

the South Australian Sea suggpested  that swell
prediction formubkie could be obtained. The set
(1507, 1007 1757, 1907, 2007, 2157, 2227, 230",
2377, 2457, 2537 und 2607y was chosen trom SWAN
mins as representalive of the swell energy window
fronn which waves propagate. and the NWH way
determined at selected grid points. Using the twelyve
runs. u polynomial of order 4 was Aited at each grid
point o interpolaie NWH over the ringe of
propagabion directions, 1, = 1507 - 260,

NWH =a D+ 3D} + D)+ ald, +a, (2)

“The ambors aceepl oo liabiliny on the use of information wiven i
s piper

SHARRISON, PoO1997) Proleciiag Guil S Vineenl: A Skitennent on
tts Heithh atned Fotare. Deparment of Ewyironmen and Natueal
Resources, Adelaide, 1997, (tuapub,).

The coelficients are shown in Table 1 for ihe
pasitions in the South Australian Sca illostried in
Fig. 20 Ieis emphasised that. for the coastal sites. egn
(2) predicts the incoming swell heights outside 1he
swrf zone a a depth of 10 m. Table 1 allows a simple
caleulation of swell heights o he made using the
deep seu swell height and direction irom the WAM
model outpul, over the range ol directions for which
significant swell energy propagutes into the South
Australian Sca,

The truvel time. Tin h, for swell over u distanee.
in hm, assiming deep water wiave conditions. is

r-018d/y

in which 7 is the swell period. For a representitive
travel distanee of 350 ki, and a swell period of 13 s,
T - 5 hoand hence real time forecasts for swell
conditions can he obtained from the iy honely
wavelields  available  Trom  the  Burean ol

3
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Meteorology (Boreau o Meteorofogy. 19997), 11 is
suggested (i inpw paramelers be taken [rom the
WAM ontput i the 37°S and 135°1 grid poim ™,

The corresponding  maximum  bottom orbial
velowifies, U due toghe swell can be calenlited Trom
e (2) using the Tormuli

U= m’//l'sinh('kh) i+

inowhich K ois the witer depth wnd A is the
witvempmber ol the swell, which cun be determined
fronn the approsimate formula (Feolon 19900

PR A Y Eﬂ,\/h AR 5
el (w“<7' 4 ) &

in which g is the aceelermion due 10 gravity, The
swell heights (17%,) and maximum bolam: orbical
velocities (1%} Tor an open ocenn swaell of 5
propagating hom the dircetions (1,) discussed in the
previous section are epresentahive of e most
severe swell conditions likely 1o he epcountered in
the Somh Ausiradinn Sea (Table 1),

Conclusian

Phis study uses stite of the ant wive modedling 10
showe the propagation ol swell into the Souh
Austrabian Sei. An obwious application is real tine
swell foreeasting Tor nuriners and surlers. The
SWAN mudel can be alsa run (o forecast the wind
winve spectrum generated by Jocal winds but (his is
heyiond the present seope.

Theanteinsic inerest ol swellis s role in sedimen

ransport provesses at the sea boltom, “I'he example
ol Table 1 illnstrules that o severe swell event
gencrales very signilicant boltom orbital morion
which resuspends sediment particles into the waler
column which may then be transporied by lidal and
wind dlriven currents. In order 10 deseribe the
sediment franspont pracess in coastal sieis, QL s
exsential Lo deteruinge the swell climate feciirately.
The results of this wave siudy, tlong willi developed
sediment resaspension tools, will hclp signilicuntly
[0 advance the understanding of sedimem ol
paniculale transport processes i regians of coneern
within the South Awstralian Sea, for example. the
Adetide metropaolitan coustline (Wyime 1984) and
the mouth of the River Murray (Harvey 19963,
provide s Trannework Tor it fulire management
(Harhison 1071y,
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